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[57] ABSTRACT 

The invention features an empty device for receiving a 
bioactive agent. The device includes a biocompatible and 
semi-permeable membrane that de?nes an enclosed space; 
the membrane also has at least one end that de?nes an 
opening for introducing the bioactive agent into the enclosed 
space. The device is con?gured to be placed in an animal. 

In one embodiment of the invention, the membrane has an 
inner surface and an outer surface, Where the inner surface 
de?nes the inner surface, and includes a biocompatible 
adhesive in the general region of the opening to alloW 
sealing of the opening after the introduction of the bioactive 
agent into the enclosed space. 

Another embodiment of the invention includes a biocom 
patible frame mounted in supporting relationship to the 
membrane and de?ning an opening for introducing the 
bioactive agent into the enclosed space. The frame has 
greater porosity than the membrane. 

3 Claims, 1 Drawing Sheet 
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ENCAPSULATION DEVICE 

FIELD OF THE INVENTION 

This invention relates generally to encapsulation devices. 
Speci?cally, the invention is related to devices that serve as 
receptacles for receiving bioactive agents. 

BACKGROUND OF THE INVENTION 

The initial screening of bioactive agents, e.g., drug 
candidates, has typically been implemented in vitro. 
Although in vitro tests are practical, they often result in 
inaccurate data. Drugs that require metabolic activation are 
among the most promising therapeutic agents, for example, 
for use as anticancer drugs or antibiotics. HoWever, these 
drugs can fail in in vitro tests, as the in vitro test systems 
often do not include all of the necessary enZymes, 
antibodies, and other compounds required for metabolic 
activation. Such drugs could therefore be abandoned Without 
further investigation, regardless of their potential ef?cacy in 
an intact organism, simply because the in vitro studies might 
not unerringly mimic in vivo conditions. Likewise, a drug 
that is highly effective in vitro might not be viable in an 
organism if, for example, it is degraded or rendered toxic 
Within the cell before reaching its target. 

Previous in vivo tests of drug candidates have involved 
subdermal, subrenal, or peritoneal surgical implantation of a 
target cell line into a host animal, folloWed by administration 
of the drug candidate. Such studies can be misleading, 
hoWever, as it is often dif?cult to account for interactions 
betWeen the implanted cells and the cells of the host. For a 
similar reason, current in vivo studies are generally limited 
to the implantation of only a single target cell line into each 
host. Indeed, since the host animal generally must be sac 
ri?ced in order to recollect the implanted cells for analysis, 
such studies are often precluded by cost considerations, 
especially in higher mammals. 

Examples of healthy cells include pancreatic islet tissue 
used in arti?cial pancreas devices. In other examples, Aebi 
scher has implanted dopamine secreting neural cells for the 
treatment of Parkinson’s disease (Exper. Neurology, 
126:1—8, 1994) and encapsulated bovine chromaf?n cells in 
sheep subarachnoid for the treatment of pain (Cell 
Transplantation, 3:243, 1994). 

SUMMARY OF THE INVENTION 

In general, the invention features a device for receiving 
one or more bioactive agents, such as healthy, infected, or 
malignant cells, enZymes, or infectious agents. The device 
includes one or more biocompatible and semi-permeable 
membranes and a frame or adhesive to enable the sealing of 
the device. 
An embodiment of the invention features an empty device 

for receiving a bioactive agent. The device includes a 
biocompatible and semi-permeable membrane having an 
inner surface and an outer surface, Where the inner surface 
de?nes an enclosed space; the membrane also has at least 
one end that de?nes an opening for introducing the bioactive 
agent into the enclosed space; a biocompatible adhesive in 
the general region of the opening to alloW sealing of the 
opening after the introduction of the bioactive agent into the 
enclosed space. The device is con?gured to be placed in an 
animal. 

The biocompatible adhesive can be, for example, a heat 
sealable polymer conduit extending beyond the end of the 
membrane for a length suf?cient for heat sealing the conduit 
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Without causing the membrane to be contacted in the heat 
sealing process. The conduit in this example overlaps With 
and is secured to a terminal portion of the outer surface of 
the membrane. 
The membrane can have a second end that de?nes an 

opening, in Which case the device also includes a second 
heat sealable polymer conduit extending beyond the second 
end. 
The heat sealable polymer conduit or conduits can be 

made of polyurethane, for instance. 
The membrane can be in the form of a preformed bag. 

Examples of bags include bullet-shaped devices, balloons, 
and cylindrical tubes having one end closed and one end 
remaining open. 

In regard to any of the devices, the membrane can be 
made of a copolymer of acetonitrile and vinyl chloride. The 
membrane can have, for example, a hydraulic permeability 
of 8—70 ml/min/m2/mmHg and a molecular Weight cut-off 
value of 20—150 Kdal. 

Another embodiment of the invention features a second 
device for receiving a bioactive agent. The device features a 
biocompatible and semi-permeable membrane de?ning an 
enclosed space; and a biocompatible frame mounted in 
supporting relationship to the membrane and de?ning an 
opening for introducing the bioactive agent into the enclosed 
space. The frame has greater porosity than the membrane; 
and the device is con?gured to be placed in an animal. 
The device can also include a biocompatible member that 

seals the opening. The member can be formed of a resilient 
material, for example. 

In some cases, the member also includes an outer com 
ponent of a ?rst material and an inner component of a second 
material having a different hardness from the ?rst material. 
The outer component is inserted into the opening and has an 
ori?ce for snugly receiving the inner component. 
The frame can be in the form of a porous cylinder. 

In regard to any of the devices, the membrane can be 
made of a copolymer of acetonitrile and vinyl chloride. The 
membrane can have a hydraulic permeability of 8—70 
ml/min/m2/mmHg (or even 25—50 ml/min/m2/mmHg) and a 
molecular Weight cut-off value of 20—150 Kdal. 
The term “biocompatible” refers to the property of not 

inducing ?brosis, in?ammatory response, host rejection 
response, or cell adhesion, folloWing in vivo implantation. 
What is meant by “?brosis” is tissue groWth encapsulating 
the device. 
An animal can be a human or a non-human animal such 

as a mouse, monkey, dog, rat, monkey, goat, reptile, bird, or 
guinea pig. 

Abiocompatible member can be, for example, a plug that 
is inserted into the opening of the device or a cap that ?ts 
over the end of the device to block the opening. 

Semi-permeable membranes alloW molecules smaller 
than a predetermined siZe (i.e., the molecular Weight cut-off, 
or “MWCO”) to pass freely from one side of the membrane 
to the other. In the present invention, the MWCO of all 
membranes Were determined by single protein rejections. 
The rejection percentages indicated are the percentage of 
protein that is retained by the membrane (i.e., does not pass 
through the pores). 

Pore siZe is not easily de?ned, as there is alWays a broad 
range of pore siZes on a given membrane skin. Proteins often 
interact With the pores in the polymer skin, leaving a deposit 
that can act as a secondary boundary or rejecting layer. The 
thickness of the layer varies With, for example, the hydro 
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phobicity of the polymer, the type of protein and the How 
properties of the solution (pressure and shear rate) challeng 
ing the membrane. For MWCO measurement, a series of 
single solutes (i.e., typically spherical proteins of various 
siZes) are used in rejection testing. Smaller proteins pass 
through the pores (loW rejection by the skin) While larger 
proteins are mostly retained (high rejection). By plotting the 
rejection curve against the molecular Weight of the proteins 
used as solutes, the MWCO can be deduced. 

Hydraulic permeability is de?ned as the volume of Water 
that can ?oW through a porous substance per unit of time per 
unit of surface area per unit of Water pressure; thus it can be 
measured in units of ml/min/m2/mmHg. It is measured by 
forcing clean Water (e.g., Water for injection, U.S.P., or 
“WFI”) having a knoWn pressure through a sample of the 
substance having knoWn dimensions, then measuring the 
volume of Water that emerges from the opposite face of the 
material after a prescribed length of time has elapsed. 

Lengths of the membranes can be sealed into a cylindrical 
device in Which the membranes’ inner lumens are separated 
from the outer membrane surfaces and a chamber is formed 
betWeen the outer surface of the membranes and the device. 
The outer chamber is referred to as the “shell side.” Water 
or protein solutions, or both, are passed through the inner 
lumens of the membranes in the devices. The pressure 
applied by the solutions is controlled and is referred to as the 
“transmembrane pressure.” While most of the solution is 
recirculated through the membrane lumens, a portion Will 
cross the membrane Wall to the shell side. Aperistaltic pump 
can be used to drive the ?oW. The solution is draWn from a 
reservoir, through the pump to an inlet, through the lumens 
of the membranes, out of the device through an outlet, and 
back into the reservoir, thereby recirculating the solution. 
The rate of the ?uid (sec-1) over the inner membrane surface 
is usually regulated, as is the pressure applied to the surface. 
The pressure can be regulated (e.g., With a clamp on the 
outlet tubing) such that the pressure drop across the device 
is minimiZed. 

For clean Water, the rate (volume/time) of passage 
through the Walls is referred to as the ?uX, or normaliZed 
permeability (volume/time/surface area/pressure). When 
proteins of knoWn siZe are used as markers, dilute solutions 
are prepared and recirculated as described above in the 
conteXt of MWCO determination. The percentage of protein 
that remains recirculating in solution and does not cross the 
membrane Wall is referred to as the percent protein rejection. 
Generally, a series of proteins of knoWn molecular Weight 
and similar shape are used. 

Unless otherWise de?ned, all technical and scienti?c 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although methods and materials similar 
or equivalent to those described herein can be used in the 
practice or testing of the present invention, the preferred 
methods and materials are described beloW. All publications, 
patent applications, patents, and other references mentioned 
herein are incorporated by reference in their entirety. In case 
of con?ict, the present application, including de?nitions, 
Will control. In addition, the materials, methods, and 
eXamples are illustrative only and not intended to be limit 
ing. 
An advantage of the devices is ease of use. The neW 

devices facilitate the introduction of bioactive material into 
a host and, subsequently, the recovery of that material 
Without sacri?cing the host. 

There are also advantages that pertain more particularly to 
devices that have at least one heat sealable polymeric 
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4 
conduit extending beyond the ends of the membrane: 1) 
there is little, if any, damage to the membrane structure When 
heat sealing the conduits; 2) there are no toXic adhesives 
necessary; such compounds could potentially contaminate 
the cells; 3) the conduits are generally homogenous ?lms, 
Which heat seal reproducibly and create an effective barrier 
against leakage; 4) the conduits can be made of materials 
(e.g., polyurethane) that are fairly free of tissue groWth or 
?brosis; and 5) because it is the conduit, not the membrane, 
that is heat sealed, the membrane characteristics (e.g., 
MWCO, hydraulic permeability, and porosity) are unaf 
fected. 

Other features and advantages of the invention Will be 
apparent from the folloWing draWings, the detailed 
description, and from the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic vieW of an encapsulation device 
of this invention in the form of a bullet-shaped bag. 

FIG. 2 is a plan vieW of another encapsulation device of 
this invention including a frame that de?nes tWo openings. 

FIG. 3 is a plan vieW of an encapsulation device having 
heat sealable conduits at the ends of the membrane. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention relates to a biocompatible device prepared 
from a semi-permeable membrane in the form of a tube or 
bag, having at least one opening and either a supporting 
frame or an adhesive in the vicinity of the opening, or both. 
Asemipermeable membrane can be selected that alloWs, for 
eXample, drugs to pass freely through the membrane but 
infectious agents and cells to remain trapped Within the 
device. The frame and the adhesive each facilitate the 
sealing of openings in the membrane after the bioactive 
materials have been added. The frame additionally provides 
the membrane With rigidity and support. The device can be 
used for implantation of bioactive agents, such as Whole 
cells, cell eXtracts, infectious agents, or enZymes. 
Any implantable device may not be suitable for this 

purpose. For eXample, selection of a membrane With a loW 
molecular Weight cutoff (MWCO) is critical if prevention of 
an immune response against the implanted cells is desired. 
Also, a smooth exterior surface, one that does not promote 
?brosis or foreign body response, can be important if longer 
periods of implantation are necessary. 
One eXample of a suitable membrane is double-skinned 

and has smooth inner and outer surfaces. The interior portion 
of the membrane (i.e., in betWeen the inner and outer skins) 
is highly porous and spongy. The double skinned mem 
branes have the advantage of being strong but not stiff, 
compared With single skinned membranes, for eXample. 

In FIG. 1, an encapsulation device 10 is illustrated. The 
device 10 includes a membrane 11, an adhesive 14, and a 
sealing member 15 that seals the device. The bag-like shape 
of the membrane 11 de?nes a continuous enclosed space 16 
on the inside of the “bag,” i.e., the membrane itself de?nes 
the bag-shaped space 16, Without the need for an adhesive 
or an additional member. The membrane 11 also de?nes an 
opening 12, the mouth of Which is a rigid or semi-rigid frame 
13. The inside rim of the frame 13 is coated With the 
adhesive 14, Which holds the member 15 in place. The rim 
can be made, for eXample, of a solid plastic (e.g., PAN/PVC 
or acrylic) or a metal (e.g., stainless steel or titanium). The 
member 15 is made from a resilient, self-sealing substance 
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(e.g., rubber, silicone, or another polymer) that allows 
materials to be added to the space 16 (e.g., With a needle or 
cannula penetrating through member 15), even after the 
membrane 15 has been sealed in place With the adhesive 14. 
A device identical to that depicted in FIG. 1, Without the 

rigid frame 13 or member 15, is also Within the scope of the 
claims. Such a device Would be sealed With an adhesive or 
by heat sealing after the cells or other materials are added. 

Another framed device 20 is shoWn in FIG. 2. A mem 
brane 21 surrounds rigid but porous frame 22, Which rein 
forces the device. The frame 22 de?nes an enclosed space, 
or lumen 29, and openings 25, Which are designed to receive 
plugs 23. The plug 23 is made up of an outer plug 26 and an 
inner plug 28. The outer plug 26 ?ts into the opening 25, and 
can be held in place With adhesive if necessary. 

The inner plug 28 is made of a material that differs in 
hardness from the material of the outer plug 26, and ?ts 
snugly into a hole 27 in the outer plug. For example, the 
outer plug 26 can be made of silicone and the inner plug 28 
might be a rod or other rigid member. The inner plug can be 
made of any rigid, biocompatible material, such as a poly 
mer. The outer plug can have a pre-formed axial hole and the 
hole should preferably slightly smaller than the inner plug. 
As FIGS. 1 and 2 illustrate, the frame can be a hoop at an 

end of the device 13 (FIG. 1), or a continuous tube 22 (FIG. 
2). The latter design can provide rigidity and facilitate 
handling. Various hybrids of these tWo limiting designs are 
also possible. 

The cells are removed by cutting the membrane or by 
removing the plug from the end of devices having a plug. 
Cutting the membrane is generally more effective if a very 
accurate cell count or analysis is desired. 

In connection With the devices depicted in FIGS. 1 and 2, 
the plugs 26 and 28 or sealing member 15 can be removable 
or non-removable. If they are non-removable, needles (e.g., 
non-coring needles) can be inserted through the sealing 
member or plug to alloW materials to be introduced or 
removed from the device. 

FIG. 3 shoWs a non-rigid device 50 having tWo polymer 
conduits 40 that extend beyond the ends 46 of a membrane 
30 far enough that the conduits 40 can be heat sealed Without 
contacting or damaging the membrane 30. The conduits 40 
create an overlap 38 With each end of the membrane 30. The 
overlap 38 is of suf?cient length that the conduits remain 
securely attached to the outer surface of the membrane 30. 

The device 50 of FIG. 3 is shoWn With the end of one 
conduit 40 closed With a heat seal 42. A lumen 48 is de?ned 
by the bag-like shape formed by the membrane 30 and the 
heat sealed conduit end 42. The end 44 of the other conduit 
40 is left open to alloW the device to be ?lled With, for 
example, cells, cell extracts, or infectious agents; after 
?lling, end 44 can also heat sealed. 

Cells, cell extracts, or infectious agents can be encapsu 
lated in these devices and implanted into an animal (e.g., a 
human or a non-human animal such as a monkey, mouse, or 
guinea pig). The animal can be treated With a drug in order 
to determine the effects of that drug on the encapsulated 
material. When the experiment is complete, the device can 
be removed from the animal and the materials Within the 
device can be reisolated by cutting the device open. 

Examples of cells that could be encapsulated for drug 
screening experiments include, but are not limited to, cells 
from tumors such as melanoma, lung tumors, renal tumors, 
colon tumors, prostate tumors, ovarian tumors, breast 
tumors, central nervous system tumors, lymphoma, or leu 
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6 
kemia; cells infected by viruses such as cytomegalovirus, 
herpes simplex virus, rhinovirus, hepatitis A virus, hepatitis 
B virus, human immunode?ciency virus (HIV), simian 
immunode?ciency virus, feline immunode?ciency virus, or 
adenovirus; cells infected by bacteria, yeast, fungi; plant 
cells; bacteria; yeast; and fungi. 

Healthy cells can also be encapsulated. Healthy cells that 
produce and excrete a therapeutic substance, for example, 
can be implanted for therapeutic purposes. 

Because the semipermeable membranes provide a barrier 
to cells and infectious agents, devices containing materials 
that are incompatible With the materials in other devices can 
be implanted Without the attendant complications that Would 
ordinarily arise from the interaction betWeen these materials 
if they Were not encapsulated. For example, a device con 
taining healthy cells can be implanted together With a device 
containing HIV-infected cells Without the possibility of 
cross-infection. Implantation of a multiplicity of devices 
into a single animal is therefore feasible. Such a procedure 
Would permit the screening of a single drug against multiple 
targets in a single host, for example. 

Moreover, several devices each containing the same 
infectious agents or cells can be implanted in different 
organs or tissues of a single animal, enabling the differential 
determination of a drug’s ability to reach these various 
organs and tissues. 

Without further elaboration, it is believed that one skilled 
in the art can, based on the above description, utiliZe the 
present invention to its fullest extent. The materials, 
methods, examples, and the speci?c embodiments are, 
therefore, to be construed as merely illustrative, and not 
limitative of the remainder of the disclosure in any Way 
Whatsoever. 

Cylindrical Device 

A 12% polyurethane/acetic acid (PU/AA) solution Was 
prepared as folloWs. Pellets of type 85A polyurethane, a 
medical grade, thermoplastic aliphatic polyurethane pur 
chased from Thermedics (Woburn, Mass.), Were dried at 60° 
C. for a minimum of 4 hours. The pellets Were Weighed out 
into a clean jar and 88 grams glacial acetic acid U.S.P. Was 
added per 12 grams of pellets. Ate?on lid Was secured to the 
mouth of the jar and the jar Was placed on a roller mill for 
a minimum of 16 hours, until all of the pellets Were 
dissolved. 

Sintered polyethylene tubes (medical grade, 3.3 mm outer 
diameter, 0.52—0.54 mm Walls) Were prepared for use as 
folloWs. The tubes Were cut squarely using a fresh raZor to 
a length of 14.0—14.5 mm. A 1.5 mm band of the 12% 
PU/AA solution prepared above Was applied to each end of 
the tube, coating the entire cut ends to soften roughness of 
the edges. The polyurethane Was alloWed to cure for 1.5 
hours. A 10 cc syringe Was then ?lled With silicone (e.g., 
DoW Corning medical grade silicon-A, Midland, Mich.; or 
NU-SIL Corp. MED1137, Carpinteria, Calif.). The syringe’s 
applicator tip Was cut to closely match the inner diameter of 
the polyethylene tube. The silicone Was applied to a depth of 
2.2—2.5 mm into each end of the sintered tube to form 
silicone plugs. To minimiZe variations betWeen the devices, 
care Was taken to ensure that the silicone plugs Were not 
alloWed to extend beyond the ends of the tube. 
The membranes Were prepared by the folloWing Wet 

spinning process (also knoWn as precipitation process). A 
casting solution Was prepared by dissolving an acrylonitrile 
vinyl chloride copolymer (KANEKATM KLR resin, NeW 
York, NY.) in N-methylpyrrolidone (“NMP”). Water Was 
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added to sloW the precipitation of the copolymer from the 
NMP solution during the extrusion process, thereby increas 
ing pore siZe in the resulting membranes. 

The casting solution Was extruded through the outer 
portion of a double annulus noZZle. A precipitating solution 
made from an NMP-Water mixture Was pumped through the 
inner portion of the noZZle. The coextruded membranes are 
alloWed to drop into a coagulating bath, also an NMP-Water 
mixture, Where they remained until fully set. The resulting 
double-skinned membranes Were then Washed With Water 
and ethanol to remove most of the residual solvent. The 
Washed membranes Were dried With glycerine. 

The enclosed space de?ned by the membrane had an inner 
diameter of 3.5—3.75 mm and the membrane Wall thickness 
Was 100 pm. The membranes Were determined to have a 
hydraulic permeability of 25 ml/min/m2/mmHg (supra) and 
a MWCO in the range of 50—80 kdal as determined by single 
protein rejections: bovine serum albumin (67 Kdal) 
rejection, 50%; and IgG (150 Kdal) rejection, 100%. 
Membranes Were cut squarely to 13.5 mm length, using 

necessary caution to ensure a clean, non-feathered cut. The 
glycerine Was removed from each end of the membrane by 
touching the end to a foam square saturated With 200 proof 
ethanol for a period of 3 minutes. The Wetted length did not 
exceed 2 mm. 

The membrane Was alloWed to dry for 10—60 min, then 
slid over the sintered polyethylene tube. When the mem 
brane Was centered on the tube, it Was then sealed in place 
by applying a band of PU/AA solution With a syringe ?tted 
With a ?ne-tipped applicator. The band Was uniformly 
extended from the treated end of the membrane to the treated 
tube end. The polyurethane Was alloWed to cure for 1.5 
hours. 
TWo additional applications of PU/AA Were made With 

1.5 hour cures betWeen applications. After the ?nal 
application, the polyurethane Was alloWed to cure for a 
minimum of 16 hours. 

To prepare the devices for shipment, the folloWing pro 
cedure Was employed to remove the remaining glycerine. A 
non-coring needle (22 g huber) Was inserted through each 
silicon plug, taking care not to stab into the polyethylene 
tube. A 10 cc syringe ?lled With Water for injection (WEI) 
Was attached to one of the needles. About 5 ml of WFI Was 
?ushed through the inner lumen of the device. The syringe 
Was removed, leaving the needles in place. 

The devices Were then placed in 10 ml centrifuge tubes. 
The tubes Were ?lled With WFI and capped. After about one 
hour, the tubes Were drained and the device lumens Were 
?ushed With fresh WFI. The tubes Were re?lled With fresh 
WFI and alloWed to sit for another 1.5 hours. This procedure 
Was repeated for a total of ?ve exchanges. 

Leaving the needles in place, the tubes Were capped and 
sealed in plastic bags. The bags Were double heat sealed and 
the bags and their contents Were subjected to gamma ster 
iliZation (exposure range: 2.5—4.0 Mrads). The devices Were 
removed from the tubes and the WFI Was replaced With cells 
by attaching a ?lled syringe ?lled With the cells to one 
needle and injecting, using the other needle as a vent. 

Intraperitoneal Implantation of CEM Cells into 
SWiss Mice 

In one example, CEM cells Were encapsulated and 
implanted intraperitoneally in SWiss mice, according to the 
folloWing procedure. 

The CEM cells Were passaged the day before encapsula 
tion. The cells Were counted and suspended at 1><105 cells/ 
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ml. 80 pl of the cell suspension (i.e., approximately 8000 
cells) Was placed in the lumen of each of several of the 
devices. The open end of the lumens Were heat sealed and 
further treated by application of polyurethane solution. 
The mice Were anesthetiZed With ketamine-xylaZine. Eye 

lubrication Was applied to prevent them from drying out. 
The surgical site Was prepared by ?rst clipping aWay the hair 
surrounding the site, then sanitiZing With a povidone-iodine 
scrub. Sterile instruments Were used to make incisions of 
approximately 1 cm length in the ventral midline abdominal 
skin and musculature, and then through the peritoneum. 
The encapsulation devices Were implanted into the peri 

toneum of each of three mice for each observation, and the 
incisions in the peritoneum and skin Were closed separately 
With sutures. The devices Were removed on days 4 and 8 
post-surgery. The devices Were cut open With a scalpel, the 
cells Were retrieved and ?xed in formalin, processed by 
standard histological techniques, and stained With 
hematoxylin-eosin. Cells Were counted using a tryptan blue 
staining technique, and cell viabilities Were determined. 
The cells greW very Well, With greater than 70-fold 

increase in count by day 8, at Which time more than 93% of 
the cells remained viable. The membranes of the devices 
remained normal in appearance With feW mouse cells on the 
outside for the ?rst 4 days. The contents of one device Were 
placed into the Well of a microtiter plate in order to observe 
the cells microscopically. By the eighth day, there Was an 
accumulation of ?brin especially on the tips of the devices. 
On each day, aggregates of small murine cells Were found to 
have penetrated at least one of the devices. The data result 
ing from devices contaminated With murine cells Were not 
used for analysis. 

The contamination Was thought to be due to inadequate 
sealing of the devices. The “second generation” devices 
have therefore been designed With heat-sealable polymer 
conduits at the ends of the devices’ membranes. 

Intraperitoneal Implantation of HIV-Infected CEM 
Cells into SWiss Mice 

The procedure described above Was repeated, With the 
added step of inoculating the cells With the RF strain of 
HIV-1 (at a multiplicity of infection, “MOI,” of 0.001 or 
0.0005) prior to encapsulation. 80 pl volumes of the virus 
infected cells Were again encapsulated in the devices, heat 
sealed, and peritoneally implanted into mice. 
The devices Were surgically removed at days 4, 6, and 8 

post-surgery. The cell suspensions from the devices Were 
placed in Wells of microtiter plates and observed micro 
scopically. The cells Were observed for contaminating 
mouse cells and virus induced cytopathic effect. Virus 
replication Was evaluated by measuring p24 antigen on the 
samples obtained from the devices after removal from the 
mice. The p24 antigen Was measured using a commercially 
available ELISA kit (Coulter Diagnostics, Miami, Fla.) With 
the manufacturer’s use instructions being explicitly fol 
loWed. These instructions are incorporated by reference. 
When the higher dose of virus (0.001 MOI) Was used to 

infect the CEM cells, an extensive cytopathic effect Was 
noted on day 4. Essentially all of the cells shoWed cytopathic 
effect on the sixth day, and the cells had disintegrated by day 
8. The infection caused by the loWer dose of virus (0.0005 
MOI) progressed more sloWly, With less cytopathic effect, 
but the cytopathic effect still reached nearly 100% by the 
eighth day. 
The progression of infection in CEM cells implanted 

intraperitoneally in the encapsulation devices in mice Was 
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determined to be similar to that previously seen in a similar 
infection set up in vitro. 

Measurement of HIV Infection via Measurement of 
MT dye Conversion 

MTT is a bright yelloW tetraZolium dye (3-[4,5 
dimethylthiaZol-2-yl]-2,5-diphenyltetraZolium bromide) 
that is taken up by live cells and metaboliZed to form an 
insoluble, dark purple formaZan product (Cancer Res. 
51:1247, 1991. The stained cells are subsequently lysed and 
the dye is released into the medium. The optical density of 
each sample is determined using a microplate reader at a 
Wavelength of 570 nm. The optical density value obtained is 
a function of the amount of formaZan produced, Which is 
proportional to the number of viable cells. 

An experiment Was performed to determine Whether or 
not infection of HIV-inoculated CEM cells could be mea 
sured using an MTT dye conversion technique that measures 
cell viability and virus-induced cell killing. This type of 
assay is often used in the in vitro evaluation of neW anti-HIV 
drugs and materials. In the experiment, uninfected cells Were 
used as “cell controls” and infected but untreated cells Were 
used as “virus controls.” 

The infected cells Were prepared and implanted as 
described above. The devices Were collected on the sixth day 
after implantation. The cell suspensions from the devices 
Were placed in Wells of microtiter plates and observed 
microscopically. The cells Were again observed for contami 
nating mouse cells and virus induced cytopathic effect. The 
higher dose of virus (0.001 MOI) had produced 100% 
cytopathic effect and the loWer dose of virus (0.0005 MOI) 
had produced about 40% cytopathic effect. 

60 pl samples Were analyZed using MTT. The optical 
density (“O.D.”) for the cell control Was 1.238, Which Would 
be considered a normal value in an in vitro assay. The O.D. 
of the high concentration of virus Was 0.333. The differential 
(1.238—0.333) of 0.905 is considered an adequate value to 
alloW determination of drug/test material activity. It Was 
concluded that the MTT assay Would provide a fast, 
ef?cient, and quantitative method for evaluating HIV 
infected cells implanted intraperitoneally in mice. 

Treatment of HIV-Infected Cells With 
AZidothymidine (“AZT”) 

An experiment Was then set up to determine Whether or 
not oral AZT treatment Would alter the infection of HIV 
inoculated CEM cells contained Within encapsulation 
devices implanted intraperitoneally in SWiss mice. 

The infected cells Were prepared as described above. 
Additionally, 55 pl samples of the cells Were diluted to 200 
pl and analyZed for cell viability using the MTT. 

Virus replication Was again evaluated by measuring p24 
antigen on the samples obtained from the devices after 
removal from the mice. A5 pl aliquot of the cells Was diluted 
1:100 in Tris HCl (pH 7.4) and 200 pl Was used for the assay. 
The p24 antigen Was measured using Coulter Diagnostics 
ELISA kit (Miami, Fla.). 

The virus infection Was further evaluated by measuring 
reverse transcriptase levels in samples obtained from the 
devices. A 5 pl sample Was diluted 1:10 With Tris-HCl (pH 
7.4) and 25 pl of virus containing cells and supernatant Were 
assayed. 

The reverse transcriptase reactions, Which Were variously 
performed in microtiter plates and in 0.5 ml Eppendorf 
tubes, contained the folloWing reagents: oligo dT, poly rA, 
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Tris HCl (pH 7.4), DTT, MgCl2, and EDTA. The reactions 
proceeded for 45—90 minutes at 37° C. 

At the conclusion of the reaction, the total volume (25 pl) 
Was spotted onto DE81 chromatography paper, Washed ?ve 
times With a large volume of 5% sodium phosphate buffer, 
tWo times With distilled Water, and tWo times With ethanol. 
FolloWing the ethanol Wash the samples Were air dried or 
dried under a heat lamp. The amount of incorporated radio 
active thymidine Was quantitated by liquid scintillation 
counting using a toluene-based ?uor scintillation ?uid. 
AZT Was dissolved in the Water provided for the mice to 

drink. AZT oral treatment Was begun 2 days prior to 
implantation in some of the mice. The remaining mice did 
not receive AZT. 
The treatment With AZT Was begun 2 days before implan 

tation of the devices because the virus infection Was initiated 
in the cells 2—4 hours prior to implantation. Further, in order 
for the drug to get to the CEM cells in the devices there must 
be time for an equilibration of the ?uid (80 pl) in the device 
With the ?uid in the peritoneal cavity. Therefore, the virus 
replication is probably underWay long before appreciable 
amounts of drug penetrate the devices. As an alternative to 
the method used in this experiment, a very loW number of 
chronically infected CEM cells mixed With a high number of 
susceptible fresh CEM cells can be used. For the uninfected 
CEM indicator cells to become infected, the chronically 
infected CEMs Would have to produce and release virus into 
the supernatant ?uid. The free virus Would then infect the 
uninfected CEM cells and the tWo day pretreatment of test 
drug might not be necessary. 
The devices Were implanted intraperitoneally into mice, 

as described above, and Were removed on the sixth day. 

Upon microscopic examination, the “cell control” cells 
(i.e., no HIV, no AZT) looked normal as did the uninfected 
cells from mice treated With AZT. The “virus control” 
infected cells (i.e., With HIV, no AZT) all exhibited virus 
induced cytopathic effect. The infected cells from AZT 
treated animals shoWed slight cytopathic effect. Eight of the 
encapsulation devices contained mouse cells or had burst 
during maintenance in the mice. The animals that Were 
treated With AZT in drinking Water did not shoW any signs 
of toxicity as indicated by appearance. 
MTT assays Were performed and the media control O.D. 

values Were subtracted from all other values, as above. The 
0D. values of both AZT-treated groups indicated that the 
drug Was not toxic to the human cells used in the experiment. 
The infected, untreated (virus control) group, on the other 
hand, had O.D. values suggesting that only a feW cells Were 
viable. Finally, the OD. values of the virus infected, AZT 
treated groups had high O.D. values suggesting that most or 
all cells Were viable at the time of assay. 
The p24 antigen tests Were performed on all samples and 

none of the uninfected cells had detectable levels of p24. The 
virus control group had a very high concentration of p24 
suggesting an extensive degree of virus replication. Both 
treatment groups had signi?cant reductions of p24 antigen 
(95 and 73.9% reduction). The high dose of AZT Was more 
active than the loWer dose. 
The reverse transcriptase level Was also measured. The 

uninfected cells only had background counts. As seen With 
p24 antigen, reverse transcriptase measurements after AZT 
treatment also bespoke a signi?cant reduction in the amount 
of virus replication that occurred Within the devices. 

Thus, this experiment indicated that administration of 
AZT in the drinking Water resulted in the metabolism and 
distribution of the drug to the ?uid in the peritoneal cavity, 
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since the animals treated With AZT had implanted CEM cells 
that displayed reduced cytopathic effect, p24 production, 
and reverse transcriptase production, and increased viability. 
This Was demonstrative of the efficacy of the drug in this 
model system. Furthermore, AZT did not appear to be toxic 
to the animals or to the CEM cells enclosed in the encap 
sulation devices. 

Capped Device 

A double-skinned, smooth inner and outer lumen mem 
brane of inner diameter 3.5 mm is prepared from 
KANEKATM KLR resin as described in connection With the 
cylindrical device (supra). A 12% polyurethane/acetic acid 
(PU/AA) solution is also prepared as described above. 

Titanium rings (2.0 mm long, 3.5 mm outer diameter, 3.0 
mm inner diameter) are obtained and polished to remove any 
rough surface imperfections that can tear the membrane. The 
rings are dipped into PU/AA solution, coating the entire 
inner and outer surfaces of the rings. The polyurethane is 
alloWed to cure for 1.5 hours. 

The membrane is cut squarely to 13.5 mm length With 
caution to ensure a clean, non-feathered cut. The glycerine 
is removed from each end of the membrane by touching the 
end to a foam square saturated With 200 proof ethanol for a 
period of 3 minutes. The Wetted length does not exceed 2 
mm. 

The membrane is alloWed to dry for 20 minutes, until the 
ethanol treated end becomes White. The metal rings are then 
inserted into and aligned With the ends of membrane to make 
the ends rigid. The rings are sealed in place by applying a 
band of PU/AA solution With a syringe ?tted With a ?ne 
tipped applicator. The band is uniformly extended from the 
ethanol-treated end of the membrane to the PU/AA-treated 
tube end. The polyurethane is alloWed to cure for 1.5 hours. 

TWo additional applications of PU/AA are made With 1.5 
hour cures betWeen applications. After the ?nal application, 
the polyurethane is alloWed to cure for a minimum of 16 
hours. 

The devices are then placed in 10 ml centrifuge tubes. The 
tubes are ?lled With WFI and capped. After about one hour, 
the tubes are drained and the device lumens are ?ushed With 
fresh WFI. The tubes are re?lled With fresh WFI and alloWed 
to sit for another 1.5 hours. This procedure is repeated for a 
total of ?ve exchanges. 

The tubes are then capped and sealed in plastic bags. The 
bags are double heat sealed and the bags and their contents 
are subjected to gamma steriliZation (exposure range: 
2.5—4.0 Mrads). The devices are removed from the tubes. 
TWo te?on caps having lips that ?t snugly over the ends 

of the metal rings are obtained. One of the caps is snapped 
over one end of the device. 

Cells are introduced into the lumen of the device through 
the non-capped opening. 

The remaining cap is snapped over the open end of the 
device. 

Device With Polyurethane Conduits 

Double-skinned, smooth inner and outer lumen mem 
branes prepared from KANEKATM KLR resin as described 
in connection With the cylindrical device (supra) having 
inner diameters ranging from 1.5 to 3.5 mm Were cut into 
segments of various lengths. One cut end of each segment 
Was lightly touched to a sponge moistened With 200 proof 
ethanol, draWing the glycerine from the membrane (end 1—2 
mm only) in preparation for treatment With polyurethane. 
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Once removed from the ethanol, the end Was alloWed to dry 
until it became White (about 10 to 60 minutes). The dried, 
deglyceriniZed end Was dipped into a polyurethane/acetic 
acid solution to a depth of approximately 1.0 to 2.0 mm for 
about 60 seconds. Once removed from the solution, the 
excess solution Was alloWed to drain off and the lumen 
cleared if necessary to maintain the opening. The treated 
membrane Was alloWed to dry for 1.5 hours. During this time 
the acetic acid dissipated and the polyurethane became ?rm. 
A snug ?tting mandrel Was inserted into the treated end. 

The polyurethane solution Was applied using a ?ne-tipped 
pipette or a needle attached to a syringe. The treated end of 
each membrane and a 7—8 mm portion of the mandrel 
adjacent to the end of the membrane Were treated With the 
PU. A total of three applications Were made in this manner, 
With a 90 minute cure time betWeen applications. The ?nal 
application Was alloWed to cure overnight. 

The polyurethane ?lm Was peeled aWay from the mandrel. 
The extension Was trimmed With a raZor or scissors to a 

length of approximately 5 mm. 
The process Was repeated for the second end, resulting in 

a length of membrane With a PU extension on each end. 

A mechanical heat sealer Was designed to seal the exten 
sion. The treated membranes Were held so as to ensure 

consistent sealing distance aWay from the membrane. The 
devices Were sealed approximately 1 mm aWay from the 
edge of the membrane. The excess length of membrane Was 
trimmed aWay. The remaining end Was left unsealed. 

The ?nished devices Were Washed extensively With sterile 
Water to remove glycerine from the membrane. The devices 
Were placed in vials containing sterile Water, sealed, and 
sterilized by gamma irradiation. The ?nal, sterilized devices 
Were removed from the vials, the Water Was removed from 
the lumen With a pipette, and the devices Were ?lled. 

Cells or other media or solution Were inserted using a 
pipette or syringe; due caution Was taken to ensure that the 
?ll Was not higher than the edge of the membrane, to leave 
the PU sealing area dry. once the devices Were ?lled, the 
open end Was sealed using a pair of smooth jaWed forceps 
that have been ?amed using a gas burner. 

Bullet-Shaped Device 

A device is made by spraying a membrane polymer onto 
a rigid, cup-shaped support, rather than by extrusion. The 
support is made of polyurethane to alloW the membrane to 
be easily peeled aWay. The support includes a ?tting on its 
open end to accept the cap for sealing. The resulting mem 
brane therefore had a bullet-shaped bag form. This mem 
brane offered the advantage of having only one end to seal. 
The use of the device is therefore simpli?ed: bioactive 
materials are added, then the open end is capped. 

Because there is only one end to seal, the length of the 
membrane could be shorter, as an extension for the ?rst seal 
is not required. A further advantage is that the smooth end 
provide greater biocompatibility. Since only one end needs 
to be sealed, there is less handling and therefore less chance 
of contamination. If a bag-shaped device With a frame Were 
desired, the membrane could be sprayed directly onto the 
frame. 

Other Embodiments 

It is to be understood that While the invention has been 
described in conjunction With the detailed description 
thereof, the foregoing description is intended to illustrate 
and not limit the scope of the appended claims. Other 
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aspects, advantages, and modi?cations are Within the scope 
of the following claims. 

For example, cells that excrete bene?cent proteins, such 
as enZymes or cytokines (e.g., insulin), can be encapsulated 
and implanted for treating numerous diseases, such as dia 
betes. Ordinarily, such cells Would be rapidly killed and 
devoured by an immune response in the host; encapsulation 
of these cells With a biocompatible, semipermeable 
membrane, hoWever, prevents diffusion of these proteins 
Without induction of an immune response. 
What is claimed is: 
1. An empty device for receiving a bioactive agent, 

comprising: 
a biocompatible and semi-permeable membrane having 

an inner surface and an outer surface, Wherein said 
inner surface de?nes an enclosed space; said membrane 
also having one end that de?nes an opening for intro 
ducing the bioactive agent into said enclosed space; and 

a biocompatible adhesive in the general region of said 
opening to alloW sealing of said opening after the 
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introduction of the bioactive agent into said enclosed 
space, Wherein said biocompatible adhesive is a heat 
sealable polymer conduit extending beyond said end of 
said membrane for a length suf?cient to alloW heat 
sealing of said conduit Without causing said membrane 
to be contacted With a heated element in the heat 

sealing process; said conduit overlapping and being 
secured to a terminal portion of the outer surface of said 

membrane, 
Wherein said device is con?gured to be placed in an 

animal and said membrane is in the form of a pre 
formed bag. 

2. The device of claim 1, Wherein said membrane has a 
hydraulic permeability of 8—70 ml/min/mZ/mmHg and a 
molecular Weight cut-off value of 20—150 Kdal. 

3. The device of claim 2, Wherein said membrane has a 
hydraulic permeability of 25—50 ml/min/mZ/mmHg. 


